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ABSTRACT 
THE JAPANESE REGIONAL WASTEWATER TREATMENT SYSTEMS 
The Japanese government i s  undertaking a major program to provide 
additional sewage collection and treatment because of the severe water 
pol 1 ution that has resulted from rapid urbanization and industrial ization. 
The program i s  characterized by strong regional planning and by the 
ut i l izat ion of central treatment plants serving many communities and, in 
some cases, industries. Through a study carried out in Japan many impor- 
tant  planning issues were identified, including : ( 1  ) cultural and histor- 
ical factors;  ( 2 )  cost effectiveness, including economies of scale,  
treatment effectiveness, and short-run and long-run f l ex ib i l i ty ;  ( 3 )  po- 
tent ial  interrelationships with drainage, water supply, and land use; 
(4 )  interactions between planning agencies and local cit izens; and 
(5 )  insti tutional arrangements between governmental bodies. The Japanese . 
experience i s  a significant one in the history of planning wastewater 
treatment systems and provides some guidance as similar programs are 
ini t ia ted in other developed and developing countries throughout the world. 
In general, planning such systems represents a complex public-sector prob- 
lem and ca l l s  for an interdisciplinary approach. 
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Nakamura, Masahisa 
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The Japanese Regional Wastewater Treatment Systems 
INTRODUCTJ ON 
Th i s  paper addresses i ssues  r e l a t e d  t o  p lann ing  and des ign ing  r e -  
g i o n a l  wastewater t rea t r r~en t  systems which may i n c l u d e  c e n t r a l  t rea tment  
p l a n t s  s e r v i n g  many cornrr~uni t i e s .  Throughout t h e  wor ld ,  p lann ing  such 
systerr~s as w e l l  as o t h e r  urban and environmental  systems on a  r eg iona l  
bas i s  i s  becoilling rrlore and rnore common. Note, however, t h a t  r eg iona l  
p l  a n r ~ i  ng rnay 1  ead t o  cornpl e t e l y  decen t ra l  i z e d  c o n f i g u r a t i o n s  o f  t rea tment  
p l a n t s  as w e l l  as t o  h i g h l y  c e n t r a l i z e d  ones. 
A p r imary  advantage o f  a  c e n t r a l i z e d  p l a n t  i s  t h e  economies o f  s ca le  
i n  i t s  c o n s t r u c t i o n  and ope ra t i on .  The sav ings o f t e n  s i g n i f i c a n t l y  ou t -  
weigh t h e  added cos ts  o f  i n t e r c e p t o r  sewers needed t o  c o l l e c t  t h e  waste- 
water  f rom severa l  communit ies. For  t h i s  reason, much a t t e n t i o n  has 
been d i r e c t e d  toward us i ng  c e n t r a l  p l a n t s  i n  t h e  developed c o u n t r i e s ,  such 
such as t h e  Un i t ed  States,  Japan, and many European c o u n t r i e s  (2 ,  5, 6, 
12, 17, 21).  I t  can a l s o  be expected t h a t  deve lop ing  c o u n t r i e s  w i l l  con- 
s i d e r  l a r g e  c e n t r a l  p l a n t s  as they  implement wastewater t rea tment  programs 
i n  t h e  f u t u r e  s i n c e  t h e  p o t e n t i a l  sav ings may be o f  c r i t i c a l  importance 
f o r  them (26 ) .  
P lann ing  wastewater t rea tment  systems, however, i s  a  complex p u b l i c -  
s e c t o r  problem i n v o l v i n g  many p a r t i e s ,  many o b j e c t i v e s ,  and many con- 
s t r a i n t s  (10) .  I n  an e f f o r t  t o  i d e n t i f y  impo r tan t  p l ann ing  f a c t o r s ,  t h e  
au thors  v i s i t e d  Japan f o r  s i x  weeks d u r i n g  t h e  summer o f  1976 t o  examine t h e  
r e g i o n a l  programs t h a t  a r e  underway. These programs r e f l e c t  a  s t r ong  na t i on -  
a l  e f f o r t ;  they  a r e  cha rac te r i zed  by l eade rsh ip  and f i n a n c i a l  suppor t  f rom 
the  c e n t r a l  govenment. P lanning ( c a l l  ed Comprehensive Basin P l  anning) and 
impl ementat i  on a re  c a r r i e d  o u t  by t h e  p r e f e c t u r a l  governments. Typ i ca l  l y  , 
i n  ma jo r  popu la t i on  cen te rs  t h e  designs c a l l  f o r  l a r g e  c e n t r a l  p l a n t s  and 
i n t e r c e p t o r s  branching o u t  t o  d i f f e r e n t  communities. 
These r e g i o n a l  programs a r e  i n  va r i ous  stages o f  des ign and imple-  
menta t ion  throughout  Japan. Our e x p l o r a t o r y  p r o j e c t  was aimed a t  f i n d -  
i n g  ou t  what impor tan t  t e c h n i c a l  and s o c i a l  p lann ing  i ssues  have a r i sen .  
The s tudy methodology was t o  i n t e r v i e w  c e n t r a l  government and p r e f e c t u r a l  
government o f f i c i a l s ,  u n i v e r s i t y  researchers,  and members o f  p r i v a t e  
f i rms  and p ro fess iona l  assoc ia t ions .  (The t ime  and resource 1  i m i t a t i o n s  
o f  t h e  s tudy  d i d  n o t  pe rm i t  i n t e r v i e w s  o r  surveys o f  government o f f i c i a l s  
below t h e  p r e f e c t u r a l  l e v e l  o r  o f  l o c a l  c i t i z e n s . )  Whi le many o f  t h e  
i ssues  t h a t  were i d e n t i f i e d  a r e  p r i m a r i l y  l o c a l  i n  nature,  many i n s i g h t s  
may be t r a n s f e r a b l e  t o  o t h e r  impending o r  f u t u r e  p lann ing  a c t i v i t i e s .  
Th is  b r i e f  s tudy i n  Japan was n o t  designed t o  rev iew o r  t o  a f f e c t  
t h e  ac tua l  p lans  be ing fo rmu la ted  o r  impl  emented. The Japanese expe r i -  
ence i s  a  s i g n i f i c a n t  one, and many issues have been r a i s e d  by suppor t ing  
and opposing groups and i n d i v i d u a l s .  Our purpose i s  n o t  t o  weigh judg-  
m e n t a l l y  d i f f e r e n t  arguments about s p e c i f i c  cases. Rather, i t  i s  t o  
descr ibe  many o f  t he  d i f f e r e n t  v iewpo in ts  which were i d e n t i f i e d .  I n  addi -  
t i o n ,  b r i e f  comparisons a r e  made a t  some p o i n t s  i n  t h e  d i scuss ion  w i t h  
s i m i l a r  e f f o r t s  i n  t h e  Un i t ed  States.  
I n  f u t u r e  p lann ing  a c t i v i t i e s  throughout  t h e  wor ld ,  p l ann ing  issues 
l i k e  those descr ibed here w i l l  most l i k e l y  a r i s e .  C l e a r l y ,  t h e  r e l a t i v e  
impor tance o f  d i f f e r e n t  i s s u e s  depends on l o c a l  c o n d i t i o n s  i n  any g i v e n  
r e g i o n  o f  any g i v e n  c o u n t r y  and shou ld  be determined b y  t h e  a p p r o p r i a t e  
p l a n n i n g  agencies.  I t  shou ld  a l s o  be no ted  t h a t  an a u t h o r i t a t i v e  and 
o b j e c t i v e  o p i n i o n  m i g h t  i n d i c a t e  t h a t  a  s p e c i f i c  i s s u e  i s  n o t  i m p o r t a n t  
a t  a l l ,  perhaps f o r  economic o r  t e c h n i c a l  reasons, b u t  a  p l a n n i n g  agency 
may be r e q u i r e d ,  never the less ,  t o  deal  w i t h  t h a t  i s s u e  s i n c e  i t  may 
be r a i s e d  by an opposing governmental agency o r  p r i v a t e  group. 
PLANNING FACTORS 
H i s t o r i c a l  and C u l t u r a l  Framework.-Regional wastewater t rea tment  
systems should be planned, o f  course, w i t h i n  t h e  app rop r i a te  c u l t u r a l  
and h i s t o r i c a l  framework. 
I n  Japan, t he  des ign o f  t h e  n a t i o n a l  program can bes t  be understood 
i n  t he  c o n t e x t  o f  i nc reas ing  environmental  concerns assoc ia ted  w i t h  r a p i d  
i n d u s t r i a l i z a t i o n  and u r b a n i z a t i o n  d u r i n g  t h e  l a s t  t h r e e  decades. Al though 
Japan c o n s i s t s  of a  l ong  s t r i n g  o f  i s l a n d s  (see F ig .  1 )  w i t h  a  t o t a l  area 
of  142,726 square m i l e s  (370,000 krnz), most o f  t h a t  area i s  mountainous 
and sparse ly  populated. Only s i x t e e n  percen t  i s  p roduc t i ve  f l a t  l and ,  
on which most o f  t he  popu la t i on  l i v e s  a t  ve ry  h i g h  d e n s i t i e s .  The ma jo r  
m e t r o p o l i t a n  areas a re  concentrated on a  narrow s t r i p ,  c a l l e d  Tokaido 
Megalopol is,  which s t r e t ches  f rom the  Tokyo-Yokohama area west t o  t h e  
Nagoya-Osaka-Kobe area. Th is  r eg ion  accounts f o r  n e a r l y  75% o f  Japan's 
i n d u s t r i a l  p roduc t i on  (14) .  
The r a p i d  i n d u s t r i a l i z a t i o n  and concen t ra t i on  o f  t h e  popu la t i on  
i n  urban areas, a long w i t h  t he  use o f  s y n t h e t i c  f e r t i l i z e r s  ( r a t h e r  than 
n i g h t  s o i l )  and o t h e r  a g r i c u l t u r a l  chemicals, has produced extreme p o l l u -  
t i o n  o f  many r i v e r s ,  lakes,  e s t u a r i e s ,  and bays. The mercury po ison ing  
i n c i d e n t  a t  Minamata Bay i n  t he  l a t e  Nineteen f i f t i e s  (27)  was one 
o f  t he  many cases t h a t  l e d  t o  the  new c o l l o q u i a l  express ion,  Kogai Mondai, 
which t r a n s l a t e s  t o  " p u b l i c  nuisance problems" and r e f e r s  t o  t he  p u b l i c  
hazards t h a t  accompanied t h e  ext remely  r a p i d  and concentrated econornic 
development. The reader  i s  d i r e c t e d  t o  Refs. (14)  and (15)  f o r  a  d i s -  
cuss ion  o f  i n d u s t r i a l  i z a t i o n ,  water  usage, and environmental  problems 
i n  Japan. 

Dur ing t h i s  p e r i o d  t h e r e  was a l s o  increased i n t e r e s t  i n  p r o v i d i n g  
sewerage systems t o  upgrade t he  q u a l i t y  of urban l i f e .  Al though t he  f i r s t  
sewerage a c t  i n  Japan was enacted i n  1900, by the  mid n ine teen  s i x t i e s  o n l y  
a  smal l  number of sewerage systems had been const ructed.  As shown i n  
Table 1, a t  t h a t  t ime a  r e l a t i v e l y  smal l  p o r t i o n  o f  t h e  coun t r y  was served 
by these systems. 
I n  r ecen t  years,  Japan has become ve ry  concerned about p u b l i c  nuisances 
and environmental  problems. Under t h e  Water P o l l u t i o n  Cont ro l  Ac t  o f  1970, 
t h e  Environmental Agency was es tab l i shed ;  i t s  m i ss i on  i s  t o  s e t  na t i ona l  
environmental  standards and t o  r e g u l a t e  waste discharges. The impetus f o r  
c o n s t r u c t i n g  sewerage f a c i l i t i e s  stems f rom the  Ammended Sewerage Ac t  o f  
1970, which c a l l s  f o r  comprehensive reg iona l  p lann ing  by t h e  p r e f e c t u r a l  
governments; t h i s  program i s  admin is te red  through t h e  c e n t r a l  government's 
M i n i s t r y  o f  Cons t ruc t ion .  Also, t he  M i n i s t r y  o f  Cons t ruc t i on  es tab l i shed  
what i s  now t h e  Japan Sewage Works Agency, which manages t he  c o n s t r u c t i o n  
o f  sewerage systems f o r  unde rs ta f f ed  mun ic ipa l  i t i e s  and i s  a1 so respon- 
s i  b l  e  f o r  research and development and f o r  t r a i n i n g  t e c h n i c a l  personnel 
t o  operate t reatment  p l an t s .  These n a t i o n a l  laws, a long  w i t h  o t h e r  
environmental  l e g i s l a t i o n  i n  1970, l a i d  t he  foundat ion f o r  t h e  cornpre- 
hens ive and l a rge -sca le  governmental e f f o r t  t o  c o n t r o l  wa te r  p o l l u t i o n .  
TABLE 1. - Comparison o f  Sewage Treatment Serv ices  (1961 - 1 9 6 4 ) ~  
b Japan U n i t e d s t a t e s  England France I n d i a  
Percen t  p o p u l a t i o n  w i t h  11 
s a n i t a r y  sewage 
d r a i  nage 
Percen t  popu l a ti on w i  t h  7 
sewage t reat rnent  
Not A v a i l .  14 
a A f t e r  Ref.  19. 
A f t e r  Ref.  4 f o r  1962. 
As of 1976, fifty-four regional systems (see Fig. 1 )  were a t  some 
stage of planning or construction. A region i s  a large area within one 
prefecture or covering parts of several prefectures. Each region i s  
served by one or rnore central treatment plants, and the area served by 
one of the plants i s  called a drainage d i s t r i c t .  Twenty-nine drainage 
d i s t r i c t s  in f i f teen regions have already started service; most are in 
the Tokyo and Kyoto-Osaka areas. Many of the reaional systems encompass 
large suburban areas rather than inner-city areas, such as Tokyo and 
Osaka, where municipal faci 1 i t i es  a1 ready exist .  
Several of the regional systems were started as early as 1965--five 
years prior to the legislation rr~entioned above (9 ) .  The emphasis of 
the early wastewater systerns was on drainage, although treatment plants were 
also included. Traditional public works, in f ac t ,  were aimed a t  drain- 
ing the naisui (inner water, i . e . ,  flood water) to the gaisui (outer 
water, i .  e . ,  water within the flood embankments). Thus, combined sani- 
tary and  storm sewers, which also provided drainage, were well received 
by local governments and cit izens.  Increasing environmental concerns, 
however, subsequently led t o  greater emphasis on wastewater treatment, 
a n d  separate sewer systems were used in more recent designs. 
The national commitment to ameliorating water pol 1 ution has con- 
tinued, generally according to the original plans. As shown in Table 2 ,  
the extent of sewerage service and wastewater treatment i s  increasing, 
and i t  i s  expected that 40% of the population will have both services 
by 1980. 
The historical conditions of rapid industrial and urban growth 
a n d  of minimal sewerage service have necessitated th is  urgent and large- 
s c a l e  n a t i o n a l  program (8) .  As shown i n  Table  2, t h e  investments  have 
i n c r e a s e d  r a p i d l y  i n  r e c e n t  years .  The 1975 e x p e n d i t u r e  o f  approx imate ly  
$2 b i l l  i o n  i s  on t h e  o r d e r  o f  o n e - h a l f  p e r c e n t  o f  Japan 's  qross n a t i o n a l  
p roduc t .  As shown i n  Table  3, p r o j e c t e d  expend i tu res  a r e  even q r e a t e r  
f o r  t h e  n e x t  f i v e - y e a r  p e r i o d .  
The n a t i o n a l  approach has been t o  under take- - th rouqh  p l a n n i n q  qu ide-  
1  i n e s ,  subs idy  i n c e n t i v e s ,  and t r e a t r r ~ e n t  r e g u l a t i o n s - - s i m i l a r  r e g i o n a l  
des iqns th rouqhou t  t h e  coun t ry .  The r e g i o n a l  systems g e n e r a l l y  f e a t u r e  
a  smal l  number o f  l a r q e  c e n t r a l  t r e a t m e n t  p l a n t s  and l a r g e  i n t e r c e p t o r s  
connec t ina  many a d j a c e n t  communi t i e s .  T y p i c a l  l.v, b o t h  domest ic and 
i n d u s t r i a l  wastewaters a r e  t r e a t e d  by t h e  r e q i o n a l  p l a n t s .  
Japanese o f f i c i a l s  recognized many advantages o f  implement ing a  
s e r i e s  o f  s i m i l a r  r e g i o n a l  systems i n s t e a d  o f  a  l e s s - d e f i n e d  l o c a l - o p t i o n  
program a1 low ing  each community t o  p l a n  i t s  own system ( 9 )  : ( 1 )  I n  genera l ,  
such a  u n i f o r m  e f f o r t  can be i n i t i a t e d  r e l a t i v e l y  e a s i l y  i n  a  n a t i o n a l  
p o l i t i c a l  arena, where many t ypes  o f  programs conipete f o r  funds,  p a r t i a l l y  
because i t  can be more e a s i l y  desc r ibed  and unders tood by a  wide a r r a y  
o f  pub1 i c o f f i c i a l s  whose suppor t  i s  necessary.  (The Japanese p o l i t i c a l  
env i ronment ,  i m p o r t a n t  i n  unders tand ing  suppor t  and o p p o s i t i o n  t o  t h e i r  
program, i s  beyond t h e  scope o f  t h i s  paper. ) ( 2 )  A u n i f o r m  program 
can be admin is te red  r e l a t i v e l y  e a s i l y  and implemented r e l a t i v e l y  q u i c k l y - -  
an i m p o r t a n t  c o n s i d e r a t i o n  i n  Japan because o f  t h e  severe env i ronmenta l  
p o l l u t i o n .  ( 3 )  T h i s  approach i s  e s p e c i a l l y  p r a c t i c a l  i n  a  c o u n t r y  w i t h  
a  l i m i t e d  number o f  des iqn  enq ineers  and o t h e r  t e c h n i c a l  personnel  s i n c e  
t h e y  can e f f i c i e n t l y  t r a n s f e r  exper ience  f rom one p r o j e c t  t o  ano ther .  
( 4 )  For  any n a t i o n  j u s t  i n i t i a t i n g  such a  widespread sewaqe c o l l e c t i o n  
TABLE 2.  - Trend i n  Sewerage S e r v i c e  i n  ~ a ~ a n ~  
Urban a r e a ,  i n  s q u a r e  m i l e s  1,467 
Urban a r e a  d r a i n e d ,  i n  s q u a r e  m i l e s  245 
P e r c e n t  a r e a  d r a i n e d  16.  
P o p u l a t i o n ,  i n  m i l l i o n s  96.2 
Popul a t  ion se rved  , i n m i  1 1 i ons 7.1 
P e r c e n t  popula t ion  s e r v e d  
E x p e n d i t u r e s ,  i n  b i l l i o n  yen 
Nat ional  government s u b s i d i e s ,  
i n  b i l l i o n  yen 
a A f t e r  Ref. 1 8  
2 Note: 1 s q .  m i l e  = 2.59 km ; 300 yen = $1.00 

and treatment program, cost savings from economies of scale are  l ikely 
t o  be especially important. Japan also has a recognized national policy 
of supporting and protecting a newly developed industrial base. Indus- 
t r i e s  which join the regional systems must pay the i r  complete share of 
the costs,  b u t  they gain the advantages derived from economies of scale. 
This benefit may be especially important fo r  small or marginal industrial 
plants.  h he economies-of-scale issue i t s e l f  i s  discussed in detail  be- 
low.) 
Cost-Effectiveness. - Short-run economies of scale and treatment 
effectiveness and both short-run and long-run f l ex ib i l i t y  are important 
planning issues, which are  discussed in order: 
1 .  Short-run economies of scale - I t  i s  widely recognized that  there 
are significant economies of scale in constructing, operating, and main- 
taining treatment plants (23). The cost savings of large regional plants 
may more than offset  the increased cost of the interceptors that  are 
necessary to  connect nearby areas (13).  There are also significant 
economies of scal e i n  constructing interceptors ( 2 2 ) ,  which typical ly 
account for  a major portion of the cost of wastewater systems and which 
may reach 15 miles (24 km) or more in a regional system. 
As i l lus t ra ted  by the following examples, the regional systems being 
planned and implemented in Japan include very large treatment plants 
and interceptor networks--largely because of the s ignif icant  economies 
of scale. 
The regional system in Mara Prefecture serves as a good example. 
This prefecture i s  located approximately 25 miles (40 km) south of Kyoto 
and 20 m i l e s  (32 krn) e a s t  o f  Osaka. I t  i s  c h a r a c t e r i z e d  b y  r e s i d e n t i a l  
and l i q h t - i n d u s t r i a l  developrrlent as w e l l  as by  a l a r g e  t o u r i s t  f l o w  t o  
v i s i t  h i s t o r i c  s i t e s  ( t h e  area c o n t a i n s  c a p i t a l  c i t i e s  f r o m  t h e  p e r i o d  
600 A D ) .  Twenty p e r c e n t  o f  t h e  p r e f e c t u r e  i s  i n  t h e  l o w l a n d  b a s i n  o f  
t h e  Yarrlato R i v e r .  T h i s  l a n d ,  however, h o l d s  r o u g h l y  807! o f  t h e  p r e f e c -  
t u r e ' s  p o p u l a t i o n .  P o l l u t i o n  o f  t h e  Yamato R i v e r  i s  q u i t e  seve re ,  es-  
p e c i a l l y  d u r i n g  l o w - f l o w  p e r i o d s .  
W i t h i n  t h e  c i t y  o f  Nara,  a p p r o x i m a t e l y  70,000 peop le  a r e  served by  an 
e x i s t i n g  sewerage system and two f a i r l y  new t r e a t m e n t  p l a n t s  wh ich  w i l l  be 
phased o u t .  F i g u r e  2  o u t l i n e s  t h e  f i r s t  d r a i n a q e  d i s t r i c t  o f  t h e  r e g i o n a l .  
systerr~ t o  be implemented; t h i s  d i s t r i c t  w i l l  se rve  abou t  o n e - h a l f  o f  t h e  
r e g i o n .  Twelve commun-i t i e s  w i t h  a  t o t a l  e s t i m a t e d  popu l  a t i o n  o f  1,14.0,000 
w i l l  be se rved  b y  t h e  t r e a t m e n t  p l a n t ,  wh ich  w i l l  occupy 145 ac res  
(586,000 m2). The maximum d a i l y  d e s i g n  was te load  i s  223 m i l l i o n  g a l l o n s  
(848,000 m3), o f  wh ich  302 i s  i n d u s t r i a l  wastewater .  
The comple te  r e g i o n a l  system i s  des igned t o  s e r v e  an u l t i m a t e  popu- 
l a t i o n  o f  2,120,000 f rom t w e n t y - f o u r  communi t ies d i v i d e d  i n t o  t h r e e  
d r a i n a g e  d i s t r i c t s .  The t o t a l  maximum d a i l y  was te load  o f  t h e  t h r e e  
t r e a t m e n t  p l a n t s  i s  e s t i m a t e d  a t  402 m i l l i o n  g a l l o n s  (1,527,000 m", 
and a p p r o x i m a t e l y  90 m i l e s  (145 km) o f  i n t e r c e p t o r s  w i l l  be c o n s t r u c t e d .  
E x p e n d i t u r e s  a r e  e s t i m a t e d  t o  t o t a l  190 b i l l i o n  yen  ($633 m i l l i o n ) .  
As a n o t h e r  example, Sai tama P r e f e c t u r e  has been p r i m a r i l y  a g r i c u l -  
t u r a l  b u t  i s  becoming a  dense ly  p o p u l a t e d  suburb j u s t  n o r t h  o f  Tokyo. 
Most o f  i t s  waterways,  wh ich  f l o w  d i r e c t l y  i n t o  Tokyo P r e f e c t u r e ,  a r e  
s e r i o u s l y  p o l l u t e d .  Three r e g i o n a l  systems a r e  b e i n g  p lanned;  t h e y  
w i l l  s e r v e  43 communi t ies w i t h  p o p u l a t i o n s  r a n g i n q  f r o m  20,000 t o  340,000. 

Many o f  these communit ies c u r r e n t l y  have p r a c t i c a l l y  no sewerage se rv i ce .  
The t h r e e  systems a r e  descr ibed i n  Table  4. The Arakawa Sagan r e g i o n a l  
system i s  d i v i d e d  i n t o  two d ra inage  d i s t r i c t s ;  t h e  Ugan and Nakagawa 
systems each have a  s i n g l e  d i s t r i c t .  As shown, t he  planned c a p a c i t i e s  
o f  a l l  f o u r  t rea tment  p l a n t s  a re  q u i t e  l a r g e ,  and ex tens i ve  i n t e r c e p t o r  
networks w i l l  be cons t ruc ted .  
I n  Tokyo Pre fec tu re  t h e r e  a r e  two r e g i o n a l  systems planned f o r  
t h e  area o u t s i d e  of t h e  i n n e r  c i t y .  (The i n n e r  c i t y  i s  a1 ready served 
by n i n e  p l a n t s  owned by t h e  Tokyo M e t r o p o l i t a n  Government.) The two 
new systems w i l l  u l t i m a t e l y  c o n t a i n  e i g h t  dra inage d i s t r i c t s ,  each w i t h  
a  1  arge t rea tment  p l an t s ,  and w i  11 serve approx imate ly  40 communit ies 
w i t h  a  t o t a l  popu la t i on  of four  m i l l i o n .  Cons t ruc t i on  i s  underway i n  
s i x  d ra inage  d i s t r i c t s - - f i v e  i n  t he  Tamagawa reg ion  and one i n  t h e  Arakawa 
reg ion ;  these two systems a r e  descr ibed  i n  Table  5. Again, ve r y  l a r g e  
t r ea tmen t  p l a n t s  a r e  u t i l i z e d .  
I n  genera l ,  h i g h l y  c e n t r a l i z e d  systems a r e  be ing  planned i n  many popu- 
l ous  areas i n  Japan t o  take  advantage o f  economies o f  s c a l e  and because o f  
t he  o t h e r  advantages discussed below. I n  comparison, r eg iona l  systems i n  
t he  Un i t ed  S ta tes  a r e  c e n t r a l i z e d  t o  va r y i ng  degrees. Many m e t r o p o l i t a n  
areas, o f  course, a r e  served by ve r y  l a r g e  t rea tment  p l a n t s ,  b u t  t h i s  i s  
n o t  always t he  case. For example, t h e  I l l i n o i s  P o l l u t i o n  Con t ro l  Board (11)  
se l ec ted  a  r eg iona l  p l a n  f o r  DuPage County t h a t  c a l l s  f o r  n i n e  t rea tment  
p l a n t s  t o  serve 30 communit ies. Th i s  Chicago suburban area i s  growing 
r a p i d l y ,  and t h e  popu la t i on  i s  expected t o  reach 850,000 i n  t he  e a r l y  1980's.  
As d iscussed i n  the  s e c t i o n  on i n s t i t u t i o n a l  arrangements, t h e  n i n e - p l a n t  
c o n f i g u r a t i o n  was se lec ted  because o f  t h e  p r i o r  ex i s t ence  o f  t rea tment  
p l a n t s  under community ownership and because o f  many p r a c t i c a l  i ssues  r e l a t e d  
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TABLE 4. - Sai tama P r e f e c t u r a l  Regional Systems 
Regional System 
Arakawa Saqan a Arakawa Ugan Nakagawa 
A B 
Number o f  c i t i e s  and towns 8 6 12 17 
Design dra inage area, 85.7 59.1 93.1 98.8 
i n  square m i  1 es 
Design popu la t ion ,  1,818 606 1,720 2,004 
i n  thousands 
Design maximum d a i  l y  363.9 138.4 330.8 536.8 
wasteload, i n  .million 
ga l .  
T o t a l  i n t e r c e p t o r  , 
i n  m i l e s  
Land requ i  rernent f o r  79.1 44.5 81.5 153.2 
t rea tment  p lants ,  i n  acres 
T o t a l  budget, i n  b i  11 i o n  yen 195 123 157 20 9 
a A and B r e f e r  t o  t he  Arakawa Sagan Nanbu and Hokubu Drainage D i s t r i c t s  
r e s p e c t i v e l y ,  each o f  which i s  served by one reg iona l  p l a n t .  
2 3 Note: 1 a c r e  = 4.047 m ; 1 g a l  = 0.0038 m ; 1 m i l e  = 1.61 km. 
TABLE 5. - Tokyo P r e f e c t u r e  Regional Systems 
Regional Sys tern 
Tamagawaa Arakawa 
Ugan 
A B C D E 
Number o f  munic ipa l  i t i e s  
Design dra inage area, 
i n  thousand acres 
Design popu la t ion ,  
i n  thousands 
Design maximum d a i l y  
wasteload, i n  m i l l i o n  
g a l .  
T o t a l  i n t e r c e p t o r  
i n  m i l e s  
Land requi rement  f o r  
t rea tment  p lan ts ,  i n  acres 
T o t a l  budget, i n  b i  11 i o n  yen 
A through D t o t a l :  152.1 46.3 
Not 34.6 Not  Not  33.6 
Avai 1. A v a i l .  A v a i l .  
A through E t o t a l  : 355 
N 0 t 
Avai 1. 
a A: Nogawa Drainage D i s t r i c t  
B: K i ta tama 1 Drainage D i s t r i c t  
C :  Ki tatama 2 Drainage D i s t r i c t  
D: Tamagawa Jo ryu  Drainage D i s t r i c t  
E : M i  nami tama Dra i  nage D i  s t r i  c t  
2 Note: 1 ac re  = 4.047 m ; 1 ga l  = 0.0038 m3; 1 m i l e  = 1.61 km. 
t o  l o c a l  autonomy. 
The h i g h l y  c e n t r a l i z e d  designs i n  Japan have l e d  t o  many p l ann ing  
i ssues  which a r e  d iscussed i n  t h e  f o l l o w i n g  sec t i on .  
2. Shor t - run  e f fec t i veness  - Ef fect iveness i s  d iscussed w i t h  r espec t  
t o  t rea tment  p l a n t  des ign and ope ra t i on  and ambient q u a l i t y  c o n t r o l .  
One b e n e f i t  from us ing  a  c e n t r a l  p l a n t  i s  t h a t  t h e  r e q u i r e d  p l a n t  
c a p a c i t y  i s  g e n e r a l l y  l e s s  than  t h e  sum o f  t h e  c a p a c i t i e s  t h a t  would 
be needed i n  a  d e c e n t r a l i z e d  system. The t o t a l  p l a n t  i n f l o w  i s  smoothed 
o u t  because t h e  peak f l ows  f r om d i f f e r e n t  sources a r r i v e  a t  d i f f e r e n t  
t imes .  There a r e  two reasons: (1)  t r a v e l  t imes  d i f f e r  f o r  t h e  va r i ous  
sources, and ( 2 )  peak f l o w s  f rom i n d i v i d u a l  sources u s u a l l y  occur  a t  
d i f f e r e n t  t imes of t h e  day, week, and year.  I n d u s t r i a l  peak f l o w s  es- 
p e c i a l l y  m igh t  occur  a t  d i f f e r e n t  t imes compared t o  each o t h e r  and com- 
pared t o  domest ic sources. A lso,  t h e  v a r i a b i l i t y  o f  wastewater charac- 
t e r i s t i c s  i s  reduced because o f  d i l u t i o n .  Fo r  example, an a c c i d e n t a l  
s p i l l  o f  a  smal l  amount o f  t o x i c  m a t e r i a l  may be s u f f i c i e n t l y  d i l u t e d  
so  as n o t  t o  be a  ma jo r  hazard. 
Another advantage o f  c o n s t r u c t i n g  a  smal l  number o f  l a r g e  c e n t r a l  
t rea tment  p l a n t s  i s  t h a t  a  n a t i o n  l i k e  Japan can concen t ra te  a  l i m i t e d  
supp ly  o f  p ro fess i ona l  engineers and t echn i c i ans  a t  these  l o c a t i o n s .  
A lso,  i n  t h e  Japanese case maximum use i s  made o f  automat ion i n  opera t -  
i n g  t h e  p l a n t s ;  t h e  expensive equipment r equ i r ed ,  i n c l u d i n g  computer 
systems, i s  f e a s i b l e  o n l y  f o r  l a r g e  p l a n t s .  On t h e  o t h e r  hand, i f  many 
v e r y  smal l  p l a n t s  a re  i n  se rv ice ,  i t  may be t o o  expensive f o r  t h e  smal l  
communit ies t o  h i r e  t e c h n i c a l  personnel and t o  m a i n t a i n  an e f f e c t i v e  
l e v e l  of t rea tment .  Th is  f a c t o r  has a l s o  f r e q u e n t l y  been a  cons ide ra t i on  
i n  t h e  Un i t ed  S ta tes  and was a  major  reason why t h e  I l l i n o i s  P o l l u t i o n  
Con t ro l  Board (11)  developed a  r e g i o n a l  p l a n  f o r  DuPage County whereby 
many smal l  p l a n t s  would be e l i m i n a t e d .  
A r e l a t e d  i ssue ,  however, i s  t h a t  ve r y  l a r g e  p l a n t s - - p a r t i c u l a r l y  
those  accep t ing  i n d u s t r i a l  wastes-- tend t o  have more complex m i x tu res  
o f  wastewater c o n s t i t u e n t s ,  and a  wide a r r a y  o f  problems may a r i s e .  I n  
a  more d e c e n t r a l i z e d  system, t h e  ope ra to r s  o f  a  smal l  p l a n t  may corrle 
t o  be q u i t e  e x p e r t  w i t h  t h e  s p e c i a l  t ypes  o f  problems t h a t  a r i s e  a t  
t h e i r  p l a n t .  Thus, t h e  s c a l e  o f  t h e  t r ea tmen t  p lan ts - -coup led  w i t h  t h e  
a v a i l a b i l i t y  o f  opera to rs  and t h e  na tu re  o f  t h e  waste s t reams- - i s  a  major  
de te rminan t  o f  t rea tment  e f f ec t i veness .  
As ment ioned above, i n  many o f  t he  Japanese r e g i o n a l  systems t h e  
c e n t r a l  t rea tment  p l a n t s  handle  l a r g e  i n d u s t r i a l  waste f l ows  (e.g. ,  30% 
o f  t h e  f l o w  f o r  the  Nara P re fec tu re  system descr ibed  above and a lmost  
50% f o r  t h e  Lake Biwa system t o  be descr ibed  below).  Typ i ca l  i n d u s t r i a l  
wastes i n c l u d e  those from food, meta l ,  chemical ,  t e x t i l e ,  p u l p  and paper, 
s t e e l ,  automobi le ,  and o t h e r  manufac tu r ing  i n d u s t r i e s .  I n  a d d i t i o n  t o  
these a l r e a d y  discussed, t h e r e  may be t e c h n i c a l  advantages o f  combined 
t rea tment .  For example, a  n u t r i e n t - d e f i c i e n t  i n d u s t r i a l  waste f l o w  may 
be r e a d i l y  t r e a t e d  by b i o l o g i c a l  processes ( a l l  o f  t h e  Japanese systems 
use t he  a c t i v a t e d  s ludge process) a f t e r  m i x i ng  w i t h  domest ic waste f l ows .  
On t h e  o t h e r  hand, t h e r e  a r e  p o t e n t i a l  problerr~s which may r e s u l t  
f rom combining i n d u s t r i a l  and domestic wastes. I n  Japan, as i n  t h e  Un i t ed  
S ta tes ,  severa l  major  p u b l i c  con t rove rs i es  have a r i s e n  over  t he  i s sue  
o f  t o x i c  meta ls  (e .g . ,  chromium, cadmium, copper, z i n c ,  and l ead )  t h a t  
a r e  d ischarged from i n d u s t r i  a1 sources t o  cornbi ned b i  01 o g i c a l  - t r ea tmen t  
plants. One major incident on the national level arose in the early 1970's 
over the case of a plant operated by the Tokyo Metropolitan Government. 
Opposition movements stemmed from studies conducted by university re- 
searchers and from widespread coverage by the national media. 
For one discussion of the opposition movement's position, the reader 
i s  directed to  Ref. (16). The basic position goes as follows: F i r s t ,  
the toxic metals are not treated (reduced in strength) by biological 
processes. Rather, diluting such pollutants makes them more d i f f i c u l t  
to  remove than i f  they were removed a t  the original source. I n  addition, 
such quantit ies as remain in residual sludges are  exceedingly d i f f i cu l t  
to  remove, and incinerating these sludges would tend t o  d is t r ibute  the 
pollutants over the a i r  shed, potentially causing environmental hazards 
t o  people in urban areas and to  crops a s  well in rural areas. While 
pretreatment regulations, monitoring, and user charges can be used t o  con- 
t rol  industrial inflows, accidental or intentional sp i l l  s may s t i l l  enter 
the regional system. Complete monitoring of waste inflows i s  very d i f f i -  
cu l t  and, once in the system, i t  may be very d i f f i c u l t  to  trace such a 
sp i l l  t o  i t s  origin. 
Recognizing such problems, the central government has promulgated 
pretreatment regulations to  l imit  the flow of toxic materials into the 
regional systems. Also, the Public Works Research Ins t i tu te  of the Plin- 
i s t r y  of Construction and several university groups are carrying out ad- 
ditional studies of the behavior of toxic materials in treatment processes 
and in the environment. Nevertheless, environmental groups have continued 
t o  oppose plans to t r e a t  industrial wastes in the regional systems. (See 
Nakanishi ( 2 )  for  a discussion of the regional system for the Yahagi-Sakai 
2  1  
B a s i n  i n  A i c h i  P r e f e c t u r e .  Approx ima te ly  50% o f  t h e  f l o w  i n  t h i s  system 
i s  from i n d u s t r i a l  sources,  i n c l u d i n g  a u t o m o b i l e  m a n u f a c t u r i n g  p l a n t s .  ) 
Another  aspec t  of e f f e c t i v e n e s s  wh ich  has r e c e i v e d  a t t e n t i o n  i n  b o t h  
Japan and t h e  U n i t e d  S t a t e s  i s  t h e  q u a l i t y  o f  t h e  r e c e i v i n g  wa te rs .  A  
r e g i o n a l  system w i t h  a  l a r g e  c e n t r a l  p l a n t  d i scharges  a  l a r g e  volume o f  
e f f l u e n t  a t  one p o i n t  t o  t h e  r e c e i v i n g  w a t e r  ( 1 ) .  R o u t i n e  d i scharges  o f  
t h i s  n a t u r e  may be a c c e p t a b l e  because o f  h i g h  wastewater  t r e a t m e n t  l e v e l s .  
I n  t h e  e v e n t  o f  a  breakdown o r  o p e r a t i n g  f a i l u r e ,  t h e  f a c t  t h a t  l a r g e  p l a n t s  
a r e  des igned w i t h  many p a r a l l e l  u n i t s  reduces t h e  l i k e l i h o o d  o f  c a t a s t r o p h i c  
f l ow th rough  o f  t h e  p l a n t  i n f l u e n t .  Never the less ,  t h e r e  remains some p o s s i -  
b i l  i t y  o f  a  l a r g e - s c a l e  problem. For  example, a  l a r g e  a c c i d e n t a l  s p i l l  
o f  a  t o x i c a n t  by  an i n d u s t r y  c o n c e i v a b l y  c o u l d  e n t e r  t h e  r e g i o n a l  system 
and d e s t r o y  t h e  secondary t r e a t m e n t  c a p a b i l i t y .  The e n t i r e  r e g i o n ' s  waste 
f l o w  would  t h e n  be d i scharged  a t  a  s i n g l e  p o i n t  a f t e r  o n l y  p r i m a r y  t r e a t -  
ment. A  system o f  sma l l  d i s p e r s e d  p l a n t s  would reduce t h i s  hazard.  
Thus, t h e  s c a l e  o f  a  r e g i o n a l  i n t e r c e p t o r  system and o f  c e n t r a l  p l a n t s  
i s  e x t r e m e l y  i m p o r t a n t  i n  many ways. I t  may be unden iab le  t h a t  p r e v e n t -  
i n g  o r  r e p l a c i n g  an a r r a y  o f  v e r y  s m a l l ,  i n e f f i c i e n t ,  and p o o r l y  opera ted  
p l a n t s  i s  c o s t  e f f e c t i v e .  I n  any c o u n t r y ,  however, p l a n n i n g  l a r g e  c e n t r a l  
p l a n t s  t h a t  s e r v e  many commnit ies r e q u i r e s  c o n s i d e r a t i o n  o f  many o t h e r  
i m p o r t a n t  i ssues ,  such as those  r a i s e d  above and i n  t h e  f o l l o w i n g  d i s c u s s i o n s  
3. Long-run and s h o r t - r u n  f l e x i b i l i t y  - One f e a t u r e  o f  l a r g e  t r e a t m e n t  
p l a n t s  and i n t e r c e p t o r s  i s  t h a t  t h e y  a r e  " c a s t  i n  conc re te "  and do n o t  
remold  e a s i l y  f o r  d e a l i n g  w i t h  unexpected problems. T h i s  i s s u e  has been 
r a i s e d  r e p e a t e d l y  i n  Japan. An ana logy o f f e r e d  by Tarnbo (25 )  i s  t h a t  
a t  one t i m e  i n  h i s t o r y  combined storrn and s a n i t a r y  sewers rn ight  have ap- 
peared t o  be c o s t  e f f e c t i v e  compared t o  s e p a r a t e  systems; a t  a  l a t e r  d a t e ,  
however, new l e v e l s  o f  awareness m igh t  i d e n t i f y  t h e  need f o r  t e r t i a r y  
t rea tment  of t he  s a n i t a r y  wastes. The combined system, be ing  t h e  l e s s  
f l e x i b l e  design, would be more d i f f i c u l t  t o  adapt t o  t h e  new requirement.  
S i m i l a r l y ,  should f u t u r e  p o l i c y  d i c t a t e  h i ghe r  waste removal l e v e l s ,  
1  arge-scal  e  r eg iona l  sys tems cou ld  be disadvantageous. Upgrading a  cen- 
t r a l  p l a n t  w i t h  a  l a r g e  waste f l o w  m igh t  be cons ide rab l y  more expensive 
than  p r o v i d i n g  advanced t rea tment  a t  se lec ted  s t r a t e g i c  sources. I n  
genera l ,  long-run f l e x i b i l i t y  i s  d e s i r a b l e  i n  t h e  f ace  o f  u n c e r t a i n t y  
about f u t u r e  environmental  goals ,  r e g i o n a l  growth ( p o p u l a t i o n  and indus- 
t r y ) ,  t echno log i ca l  developments, and o t h e r  changes i n  s o c i e t y  and na- 
t i o n a l  p o l i c y .  
Also, no te  as a  ph i l osoph i ca l  as ide  t h a t  t h e  myr iad  combinat ions o f  
l o c a l  issues,  such as those discussed he re in ,  may c a l l  f o r  l o c a l  sho r t -  
r u n  f l e x i b i l i t y  i n  e x e r c i s i n g  o r i g i n a l i t y  and c r e a t i v i t y  w h i l e  addressing 
un ique l o c a l  problems. I n  t h i s  regard,  un i f o rm  n a t i o n a l  programs can 
g i v e  t h e  appearance o f  encouraging suggested techno1 og i  es. (As one example, 
U. S. Environmental  P r o t e c t i o n  Agency p rov ides  g u i d e l  i n e s ,  and suggests tech-  
no log ies  f o r  compliance w i t h  P u b l i c  Law 92-500; as a s i m i l a r  example, a l l  
o f  t h e  Japanese reg iona l  systems employ l a rge -sca le  a c t i v a t e d  s ludge p l a n t s  
and, i n  genera l ,  a r e  based on a  des ign manual prepared by t h e  Japan Sewage 
Works Assoc ia t ion . )  Whi 1  e  such g u i d e l  i nes  may ensure t h a t  minimal p e r f o r -  
mance requi rements a r e  met, they may tend  t o  i n h i b i t  c r e a t i v i t y  i n  forming 
new and s i g n i f i c a n t  t echno log i ca l  approaches which cou ld  be more cos t -e f f ec -  
t i v e  i n  un ique l o c a l  s i t u a t i o n s .  ( I t  should be noted t h a t  government o f -  
f i c i a l s  i n  Japan recognize t h a t  d i f f e r e n t  types o f  s o l u t i o n s  must be sought 
i n  d e a l i n g  w i t h  f u t u r e  problems w i t h  unique l o c a l  cond i t i ons . )  Another po- 
t e n t i a l  d i f f i c u l t y  w i t h  any such un i f o rm  n a t i o n a l  approach i s  t h a t  a  t r e -  
mendous i n e r t i a  i s  developed w i t h i n  governmental agencies. Furthermore, t h e  
s u p p o r t  o f  many governmental  o f f i c i a l s  may have been ga ined  on t h e  b a s i s  of  
a  s p e c i f i e d  approach. As new and unexpected problerr~s a r e  i d e n t i f i e d ,  i t  may 
be v e r y  d i f f i c u l t  t o  a d j u s t  q u i c k l y  t h e  d i r e c t i o n  o f  n a t i o n a l  energ ies  and 
monies. 
Drainage, l i a t e r  Supply,  and Land Use - O t h e r  f a c t o r s  t o  be cons ide red  
i n  d e s i g n i n g  and implement ing r e g i o n a l  wastewater  t r e a t m e n t  systems a r e  
r e l a t e d  t o  d ra inage ,  w a t e r  supp ly ,  and l a n d  use. I n  Japan, as ment ioned 
above, t h e  e a r l y  emphasis o f  t h e  r e g i o n a l  systems was on d ra inage ,  and 
many o f  t h e  f i r s t  systems were des igned w i t h  combined s a n i t a r y  and s torm-  
w a t e r  sewers. Such a  c u l t u r a l  f a c t o r  m i g h t  be v e r y  i m p o r t a n t  i n  g a i n i n g  
p u b l i c  s u p p o r t  f o r  a  wastewater  management program. I n  a d d i t i o n ,  i f  
l a r g e  c e n t r a l  p l a n t s  a r e  b u i l t ,  t h e y  a lmos t  a lways 1  i e  near  t h e  downstream 
boundary o f  t h e  r e g i o n ,  and t h e  w a t e r  w i thd rawn f o r  use upstream i s  n o t  
r e t u r n e d  t o  t h e  source b u t  i s  i n s t e a d  conveyed downstream v i a  t h e  i n t e r -  
c e p t o r  system. S i m i l a r l y ,  s tormwater  may be d i v e r t e d  t o  downstream d i s c h a r g e  
p o i n t s .  Thus, t h e  wa te r  f l o w  p a t t e r n  o f  t h e  r e g i o n  i s  m o d i f i e d ;  between t h e  
w i thd rawa l  p o i n t s  and t h e  downstream d i s c h a r g e j p o i n t  t h e  f l o w  i s  reduced. 
T h i s  r e d u c t i o n  i n  f l o w  may have s i g n i f i c a n t  impacts  on t h e  r e c e i v -  
i n g  s t ream (1  , 25) .  The r e d u c t i o n  may be e s p e c i a l l y  c r i t i c a l  f o r  smal l  
streams d u r i n g  p a r t s  o f  t h e  y e a r  when t r e a t m e n t  p l a n t  e f f l u e n t s  c o n s t i -  
t u t e  a l l  o r  a  m a j o r  p o r t i o n  o f  t h e  f l ow .  Even f o r  a  l a r g e  r i v e r ,  reduced 
f l o w s  rnay i n t e r f e r e  w i t h  i n - s t r e a m  w a t e r  uses and may l i m i t  w i t h d r a w a l s .  
On t h e  o t h e r  hand, i f  was te f lows  a r e  d i v e r t e d  t o  a  downstream d i s c h a r g e  
p o i n t ,  rema in ing  w a t e r  s u p p l i e s  may be o f  h i g h e r  q u a l i t y  a l t h o u g h  d i m i n -  
i s h e d  i n  q u a n t i t y  ( 2 5 ) .  
Another  ma jo r  i s s u e  r a i s e d  by s e v e r a l  researchers  ( 7 ,  24, 25) i n  
Japan concerns wate r  supp ly  i n  areas w i t h  p o t e n t i a l  wa te r  shor tages where 
wate r  reuse and r e c y c l  i n g  may be p r a c t i c e d  i n  t h e  near  f u t u r e .  Many o f  
t h e  ma jo r  m e t r o p o l i t a n  areas o f  Japan a r e  beg inn ing  t o  exhaust r e a d i l y  
a v a i l a b l e  water  supp l i es .  A  r e g i o n a l  system employing one o r  a  few 
l a r g e  c e n t r a l  p l a n t s  m i g h t  tend t o  r e s t r i c t  r e c y c l i n g  and reuse i n  severa l  
ways. A l though l a r g e  e f f l u e n t  f l o w s  would be a v a i l a b l e  a t  t h e  p l a n t s ,  
t h e r e  would 1  i k e l y  be s i g n i f i c a n t  pumping and p i p i n g  cos ts  i f  these wate r  
supp l i es  were re tu rned  t o  t h e  users .  Also,  r e s i d u a l  p o l l u t a n t s  f rom a  
complex waste stream c o n t a i n i n g  mixed i n d u s t r i a l  and mun i c i pa l  f l o w s  
m igh t  i n h i b i t  reuse f o r  some purposes. Cen t ra l  p l a n t s ,  however, m igh t  
be c o s t  e f f e c t i v e  f o r  t r e a t i n g  r e s i d u a l  waste f l ows  even i f  ex tens i ve  
reuse  and r e c y c l i n g  i s  p r a c t i c e d  p r i o r  t o  d ischarge.  A v a i l a b l e  water  
suppl  i e s  and p r o j e c t e d  wate r  losses  d u r i n g  reuse and r e c y c l i n g  would 
i n d i c a t e  t h e  needed c a p a c i t i e s  o f  p l a n t s  and i n t e r c e p t o r s .  
I n  comparison, a  d e c e n t r a l i z e d  r e g i o n a l  system would a1 low users  
t o  t a k e  ready advantage o f  e x i s t i n g  t r ea tmen t  c a p a b i l i t i e s  p r i o r  t o  
reuse and r e c y c l i n g ,  and i t  would a l l o w  i n d i v i d u a l  match ing o f  l o c a l  r e -  
use o p p o r t u n i t i e s  and l o c a l  spent water  supp l ies .  One d i scuss ion  o f  a  
complex p a t t e r n  o f  m u l t i l e v e l  reuse i s  g i ven  by Sue ish i  (24 ) .  
Land-use i ssues  a re  a l s o  f r e q u e n t l y  impo r tan t  i n  p l ann ing  r e g i o n a l  
systems. F i r s t ,  i t  i s  necessary t o  f i n d  p l a n t  s i t e s .  Large c e n t r a l  
p l a n t s  r e q u i r e  l a r g e  l a n d  areas, b u t  fewer s i t e s  a r e  needed than  f o r  a  
more d e c e n t r a l i z e d  design. Thus, a v a i l a b i l i t y  o f  l a n d  and pa rce l  s i zes  
m igh t  be ve ry  impo r tan t  i n  des ign ing  a  r e g i o n a l  system. I n  Japan o n l y  
16% o f  t h e  l and  i s  reasonably  1  eve1 , and extreme measures may be taken, 
as i l l u s t r a t e d  by an example below. Japan has a  l ong  h i s t o r y  o f  b i t t e r  
s t r u g g l e s  d u r i n g  t h e  a c q u i s i t i o n  of l a n d  f o r  p u b l i c  p r o j e c t s .  I n  open 
areas,  many farmers t y p i c a l l y  own smal l  p l o t s  and a r e  ve ry  r e l u c t a n t  
t o  p a r t  w i t h  l a n d  which may have been h e l d  by t h e  f a m i l y  f o r  many genera- 
t i o n s .  Furthermore,  s i n c e  farmland i s  r a r e l y  p laced  on t h e  market ,  i t  
i s  v e r y  d i f f i c u l t  f o r  d i s p l a c e d  farmers t o  r e p l a c e  t h e i r  l and .  I n  many 
cases, t h e y  have had s o c i a l  problems i n  adap t ing  t o  d i f f e r e n t  occupat ions.  
As o f  now, no governmental proaram i s  i n  e f f e c t  t o  h e l p  them r e l o c a t e .  
An example which demonstrates t h e  d i f f i c u l t y  i n  o b t a i n i n g  p l a n t  
s i t e s  i n  Japan i s  t h e  Lake Biwa r e g i o n a l  system. T h i s  a rea  i s  l o c a t e d  
abou t  50 m i l e s  (80km) n o r t h  o f  Osaka and , jus t  e a s t  o f  Kyoto. The lake ,  
w i t h  263 square m i l e s  (680 km2) o f  s u r f a c e  area, i s  t h e  l a r g e s t  i n  Japan; 
i t  i s  used e x t e n s i v e l y  f o r  r e c r e a t i o n  and commercial f i s h i n g  as w e l l  
as  f o r  domest ic  and i n d u s t r i a l  purposes. The c u r r e n t  p l a n  i n  t h i s  r e g i o n  
c a l l s  f o r  f o u r  d i s t i n c t  d ra inage  areas around t h e  l a k e ;  each area w i l l  
have one t r e a t m e n t  p l a n t .  
One o f  these  d i s t r i c t s  i s  expected t o  produce 263 m i l l i o n  g a l l o n s  
( 1  m i l l i o n  m3) o f  wastewater p e r  day, w i t h  a lmost  50% b e i n g  i n d u s t r i a l .  
S ince no adequate l a n d  s i t e  f o r  such a  l a r g e  p l a n t  i s  a v a i l a b l e ,  an 
a r t i f i c i a l  i s l a n d  (153 acres,  o r  260,000 m2, i n  s i z e )  i s  be ing  planned 
i n  t h e  l a k e .  The shee t  p i l e s  f o r  t h i s  i s l a n d  have a l r e a d y  been d r i v e n ,  
as shown i n  F i g .  3. 
O p p o s i t i o n  has a r i s e n  because o f  t h e  p o t e n t i a l  impact  o f  t h i s  i s l a n d  
and because o f  t h e  l a r g e  volume o f  i n d u s t r i a l  waste. The l a t t e r  i s s u e  
i s  o f  concern t o  t h e  people  i n  t h e  immediate area o f  t h e  p l a n t  s i t e  and 
downstream a long  t h e  r i v e r  which f l o w s  f rom t h e  l a k e .  C o n s t r u c t i o n  o f  
t h e  p l a n t  was h a l t e d  pending an i n t e r d i s c i p l i n a r y  assessment o f  t h e  pro-  
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j e c t ' s  impact. Although significant impacts were identified by th is  
assessment, the prefectural government has decided to continue construction 
of th i s  single project. The governor of the prefecture has concluded, 
however, that  additional projects endangering Lake Biwa will not be under- 
taken. 
Additional d i f f icu l t ies  which are inherent in s i t ing large f a c i l i t i e s  
in densely populated areas are obvious by inspecting Fig. 4 ,  an aerial  
view of a large plant operated by the Tokyo metropol itan government. In 
addition to  problems in finding plant s i t e s ,  there may be limits on the 
interceptor sizes that can be used because of the narrow roads in such 
areas. Furthermore, there i s  a tremendous potential in these areas for 
interrupting local social systems, such as neighborhoods and transporta- 
t ion,  and creating local nuisances--both on a temporary basis during con- 
struction of plants and i n t e r c e ~ t o r s  and on a permanent basis during 
plant operation. 
Measures can be taken to ameliorate many of these problems a n d  to 
use the s i t e  as a neighborhood asset. Many of the central plants con- 
structed or planned in Japan are designed l ike the one shown in Fig. 4. 
Faci l i t ies  are covered and vented, and vented a i r  i s  sometimes treated 
to  control local odor problems. Also, as shown, covered faci l  i t i e s  can 
be landscaped and the ent i re  s i t e  can be used to provide valuable open 
space and recreation opportunities. Many existing or planned s i t e s  pro- 
vide baseball f ie lds ,  tennis courts, swimming pools, and other recreational 
f a c i l i t i e s  for  local citizens. Additional features of th i s  s o r t ,  of 
course, may add significant expenses. For example, the covered f a c i l i t i e s  
a t  the Kitatama No. 1 regional system in Tokyo Prefecture were estimated 

t o  c o s t  2.5 t o  3 t imes as much as s i m i l a r  uncovered f a c i l i t i e s .  
Residual  p o l l u t i o n  problems may a l s o  be feared by l o c a l  c i t i -  
zens i n  bo th  r u r a l  and urban areas. Heavy meta ls  and o the r  hazardous 
m a t e r i a l s ,  o r  r e s i d u a l  water p o l l u t i o n ,  may cause a la rm among farmers,  
f ishermen, o r  o the r  nearby i n h a b i t a n t s .  Together w i t h  t he  poss ib l e  
nuisances descr ibed above, these f e a r s  (however we1 1  founded) may form 
t h e  nucleus o f  l o c a l  oppos i t ion .  
Other  1  and-use issues a r e  a1 so i m p o r t a n t - - p a r t i c u l a r l y  those asso- 
c i a t e d  w i t h  r eg iona l  growth. An i n t e r c e p t o r  cons t ruc ted  t o  t i e  t oge the r  
d i f f e r e n t  communities may promote urban sprawl along i t s  r ou te .  Sur- 
p r i s i n g l y ,  t h i s  i s sue  d i d  n o t  seem t o  be a  major  one i n  t h e  p re fec tu res  
v i s i t e d .  I h  f a c t ,  l a r g e  i n t e r c e p t o r s  a re  sometimes planned p r i o r  t o  
development between communities t o  avo id  problems w i t h  f u t u r e  t r a f f i c .  
I n t e r e s t i n g l y ,  i n  sane cases t h e  p r e f e c t u r a l  governments c o n s t r u c t  
"sewerage roads"  which a re  l i k e l y  t o  be paved t o  form new roads when 
devel  oprnent occurs. I n  comparison, t h e  p o t e n t i a l  r e1  a t i o n s h i  p  between 
i n t e r c e p t o r  r ou tes  and urban sprawl i s  o f t e n  a  ma jo r  i ssue  i n  t h e  Un i t ed  
S ta tes  ( 3 ) .  
A lso,  r eg iona l  f a c i l i t i e s  a r e  u s u a l l y  planned us ing  p r o j e c t i o n s  o f  
mun i c i pa l  and i n d u s t r i a l  growth; as a  r e s u l t ,  t hey  have been opposed 
by  no-growth advocates i n  Japan. Whi le  c e n t r a l  p l a n t s  as w e l l  as decen- 
t r a l i z e d  p l a n t s  can be b u i l t  i n  stages as growth develops, t h e  s i zes  o f  
t h e  p l a n t  s i t e  and o f  t he  main i n t e r c e p t o r s ,  which a r e  b u i l t a t  t h e  
ou t se t ,  a r e  f r equen t l y  determined on t he  bas i s  of an u l t i m a t e  des ign popu- 
l a t i o n .  I n  t h i s  regard, r eg iona l  t rea tment  systems r e q u i r e  more d e t a i l e d  
p lann ing ,  w h i l e  decen t ra l  i z e d  systems o f f e r  g rea te r  f l e x i b i l i t y  i n  adap t ing  
t o  f u t u r e  developments. A  c o u n t e r p o i n t  t o  t h i s  argument i s  t h a t  i t  i s  
e a s i e r  t o  p r e d i c t  g rowth  f o r  a  r e g i o n  t h a n  f o r  i n d i v i d u a l  communit ies 
s i n c e  t h e r e  a r e  l o c a l  p e r t u r b a t i o n s  wh ich  may t e n d  t o  average o u t  when 
summed. Thus i t  may be e a s i e r  t o  p r o j e c t  waste  t r e a t m e n t  needs on t h e  
average ( b u t  n o t  n e c e s s a r i l y  i n t e r c e p t o r  c a p a c i t y  needs).  
Another  o f t e n - h e a r d  argument ( i n  Japan and t h e  U n i t e d  S t a t e s )  r e -  
g a r d i n g  g rowth  i s  t h a t  s i n c e  f a c i l i t i e s  a r e  des igned w i t h  excess c a p a c i t y ,  
t h e r e  i s  a  tendency f o r  t h e  p l a n s  t o  be s e l f - f u l f i l l i n g :  i f  t h e  c a p a c i t y  
i s  p rov ided ,  t h e r e  i s  a  tendency t o  use it. Accord ing  t o  t h i s  argument, 
t h e  reasons a r e  t h a t  u n i t  u s e r  charges may be lowered i f  new u s e r s  a r e  
added and t h a t  t h e r e  i s  t o o  g r e a t  an i n c e n t i v e  f o r  waste-produc ing a c t i v -  
i t i e s  i f  t r e a t m e n t  i s ,  i n  a c t u a l i t y ,  subs id i zed .  These i n c e n t i v e s  may 
encourage a d d i t i o n a l  growth.  
Land use, growth,  and w a t e r  r e u s e  and r e c y c l i n g  a r e  a l s o  i n t e r r e l a t e d .  
As p o i n t e d  o u t  by one Japanese o f f i c i a l ,  i t  i s  p o s s i b l e  t h a t  r e g i o n a l  
,systems c o u l d  be des igned f o r  l i m i t i n g  p o p u l a t i o n s  and i n d u s t r i a l  a c t i v i t y  
and c o u l d  be used t o  some e x t e n t  as a  b rake  on a d d i t i o n a l  growth.  I n  
c o n t r a s t ,  r e c y c l i n g  and reuse  t h r o u g h o u t  a  r e g i o n  m i g h t  a l l o w  unchecked 
development. 
I n s t i t u t i o n a l  Arrangements - I n  Japan, r e g i o n a l  p l a n n i n g  i s  c a r r i e d  
o u t  b y  t h e  p r e f e c t u r a l  governments w i t h  t h e  c o o p e r a t i o n  o f  t h e  l o c a l  
communit ies.  The p r e f e c t u r e s  a l s o  own and o p e r a t e  t h e  c e n t r a l  p l a n t s  
and t h e  i n t e r c e p t o r s  c o n n e c t i n g  t h e  communit ies.  (Each community must 
p r o v i d e  i t s  l o c a l  c o l l e c t i o n  system w i t h  some f i n a n c i a l  s u p p o r t  f r o m  
t h e  c e n t r a l  government. ) The c e n t r a l  government s u b s i d i z e s  one t h i r d  
o f  t h e  c o s t s  o f  t h e  p l a n n i n g  a c t i v i t y  and pays approx imate ly  75% o f  
t h e  c o n s t r u c t i o n  c o s t s  of  t h e  r e g i o n a l  systems. The p r e f e c t u r a l  and 
l o c a l  governments share t h e  p o r t i o n  o f  t h e  c o n s t r u c t i o n  c o s t s  n o t  sub- 
s i d i z e d ,  and t h e  communit ies pay f o r  t h e  o p e r a t i o n  and maintenance (O+M) 
cos ts .  I n d u s t r i e s  must pay t h e  p r e f e c t u r a l  government f o r  t h e i r  f u l l  
share  o f  t h e  amor t i zed  c o n s t r u c t i o n  c o s t s  as w e l l  as O+M c o s t s .  I n t e r -  
e s t i n g l y ,  t h e  p r e f e c t u r a l  governments r e t a i n  t h e  payments f o r  t h e  p o r t i o n  
o f  t h e  c o n s t r u c t i o n  c o s t  s u b s i d i z e d  by t h e  c e n t r a l  government; t h i s  
arrangement p r o v i d e s  an ongoing revenue source f o r  managing t h e  r e g i o n a l  
sys  terns. 
I n  most o f  t h e  Japanese p r e f e c t u r e s  v i s i t e d ,  o p p o s i t i o n  has a r i s e n  
w i t h i n  t h e  community where t h e  c e n t r a l  p l a n t  i s  l o c a t e d  f rom c i t i z e n s  
i n  t h e  immediate neighborhood o f  t h e  proposed s i t e .  I n  t h e  U n i t e d  S t a t e s ,  
a d d i t i o n a l  o p p o s i t i o n  f r e q u e n t l y  occurs  w i t h i n  such a  community because 
wastewater  i s  impor ted  f rom o t h e r  communit ies;  t r a d i t i o n a l  r i v a l r i e s  
and 1  o c a l  autonomy may l e a d  t o  r e s i s t a n c e .  I n  a d d i t i o n ,  t h e  o t h e r  com- 
m u n i t i e s  may oppose t h e  p l a n  because t h e y  may want t o  r e t a i n  c o n t r o l  
over  t h e i r  own waste t r e a t m e n t  system s i n c e  t h i s  c o n t r o l  may be -- o r  be 
p e r c e i v e d  t o  be --  i m p o r t a n t  i n  t h e  f u t u r e  w i t h  r e g a r d  t o  i ssues  such as 
c o n t r o l l i n g  growth and l a n d  use (28). E f f o r t s ,  such as those i n  Japan 
d e s c r i b e d  above, t o  deve lop neighborhood amen i t i es  and t o  c o n t r o l  nuisances 
may o f f s e t  some o f  t h e  l o c a l  problems. I n  genera l ,  however, i ssues  o f  
ownership,  management a u t h o r i t y  , c o s t  a1 1  o c a t i  ons , and i n c o r p o r a t i  on o f  
e x i s t i n g  f a c i l i t i e s  may c o m p l i c a t e  t h e  f o r m a t i o n  o f  a  r e g i o n a l  system; 
a l l  o f  these  f a c t o r s  have been observed t o  be i m p o r t a n t ,  f o r  example, 
i n  t h e  DuPage County, I l l i n o i s  case. 
I n  t h e  Japanese p r e f e c t u r e s  v i s i t e d ,  however, i n s t i t u t i o n a l  arrange- 
ments f o r  implement ing t h e  r e g i o n a l  programs were reached r e l a t i v e l y  e a s i l y .  
The c e n t r a l  and p r e f e c t u r a l  governments p rov ided  s t r o n g  l eade rsh ip ,  and 
t he  l o c a l  governments a r e  l e s s  autonomous than i n  t h e  Un i t ed  S ta tes .  Also,  
t h e  new systems were planned f o r  t h e  many reg ions  t h a t  p r e v i o u s l y  had 
ve ry  l i m i t e d  sewerage se rv i ce ;  most e x i s t i n g  p l a n t s  were inadequate,  un- 
popu la r ,  and e a s i l y  phased o u t  o f  se r v i ce .  The few l a r g e  m e t r o p o l i t a n  
systems a l r eady  i n  ex i s t ence  (such as i n  Tokyo) were n o t  inc luded .  Thus, 
ve r y  few d i f f i c u l t i e s  arose because o f  e x i s t i n g  f a c i l i t i e s .  Many o t h e r  
ownership i ssues  a re  avoided because t h e  f a c i l i t i e s  a r e  owned by t h e  p re -  
f e c t u r a l  governments. 
Pol i t i c a l  boundar ies have cause s u r p r i s i n g l y  few ma jo r  d i spu tes  i n  Japan. 
A t  t he  p r e f e c t u r e  l e v e l ,  t h e r e  a r e  some problems i n  cases when t h e  f i n a l  
waste d ischarges f rom one p r e f e c t u r e  f l o w  i n t o  another .  A lso,  some 
i nte rcep to r s  have been rou ted  so as t o  avo id  c ross i ng  p r e f e c t u r a l  boun- 
d a r i e s  when more d i r e c t  r o u t e s  would have been s l i g h t l y  l e s s  expensive 
t o  cons t ruc t .  I n  genera l ,  d i spu tes  have been few i n  cases where one 
p r e f e c t u r e  covers bo th  s ides  o f  a  major  r i v e r ,  and de lays have a r i s e n  
i n  cases where t h e  ma jo r  r i v e r  d i v i d e s  two p re fec tu res .  
Also,  because implementat ion and p l ann ing  a r e  c a r r i e d  o u t  by t h e  
p r e f e c t u r a l  governments i n  Japan, many l o c a l  i ssues  a r e  transcended. 
Cases were found where t h e  p r e f e c t u r a l  government was a b l e  t o  o f f e r  
va r i ous  t ypes  o f  compensation f o r  t h e  inconvenience t o  communit ies where 
p l a n t s  were loca ted .  Compensation took  t h e  form o f  commitments f o r  
o t h e r  g ran t s  t o  t h e  community (e. g. , f o r  new town ha1 l s ,  roads, o r  r e c r e -  
a t i o n a l  f a c i l i t i e s )  o r  o f  agreements t o  p rov i de  such f a c i l i t i e s  e a r l i e r  
than had been p r e v i o u s l y  planned. Thus, i f  p lann ing  and implementat ion 
i s  c a r r i e d  o u t  by a  h i ghe r  body d e a l i n g  w i t h  more than  s imp l y  waste- 
water  t rea tment ,  p o l i t i c a l  compromises may be more e a s i l y  a t t a i n e d  be- 
cause o f  t h e  a d d i t i o n a l  degrees o f  freedom. 
A  s i m i l a r  and f a s c i n a t i n g  obse rva t i on  about one r e g i o n a l  system 
i n  Japan i s  t h a t  seven communit ies reached a  compensation agreement w i t h  
an e i g h t h  community which was t h e  most economical l o c a t i o n  f o r  a  c e n t r a l  
t r ea tmen t  p l a n t .  Approx imate ly  $100,000 each yea r  f o r  seven years  i s  
p a i d  t o  t h a t  community ( o f  75,000 people)  s o l e l y  as compensation f o r  
t h e  nuisances assoc ia ted  w i t h  t h e  t rea tment  p l a n t .  
I t  should  be emphasized t h a t  r e g i o n a l  p l ann ing  by t h e  p r e f e c t u r a l  
governments has made i t  p o s s i b l e  t o  l o o k  a t  a l l  p l ann ing  f a c t o r s ,  such 
as wa te r  q u a l i t y ,  wa te r  supply ,  and cos t ,  f o r  t h e  r e g i o n  as a  whole. I n  
some cases th roughou t  t h e  wor ld ,  a  p r i o r  i n s t i t u t i o n a l  s t r u c t u r e  may n o t  
e x i s t .  I n  such cases, t h e  use o f  a  newly  c rea ted  c e n t r a l i z e d  system may 
a1 l ow  a  stream1 i ned  and comprehensive approach t o  p l ann ing  and iniplementa- 
t i o n .  Furthermore, t h e  ongoing a d m i n i s t r a t i o n  i s  s i m p l i f i e d .  Together,  
these  c h a r a c t e r i s t i c s  may l e a d  t o  c l e a r - c u t  r e s p o n s i b i l i t i e s  and a  h i g h  
degree o f  accountabi  1  i t y  f o r  a  r e g i o n  as a whole. 
P u b l i c  I n f o r m a t i o n  - Japan has t r a d i t i o n a l l y  p laced  l i m i t e d  emphasis 
on publ  i c p a r t i c i p a t i o n  i n  p l ann ing  such p r o j e c t s ,  and publ  i c invo lvement  i s  
n o t  r e q u i r e d  by law. As i n  t h e  Un i t ed  S ta tes ,  however, t h e  importance of 
p u b l i c  invo lvement  has been recognized t o  a  g r e a t e r  e x t e n t  i n  r ecen t  years .  
As one s tep  i n  t h i s  d i r e c t i o n ,  government o f f i c i a l s  found t h a t  p u b l i c  in fo rma-  
t i o n  programs were needed t o  descr ibe  e x a c t l y  what would be done a t  t h e  t r e a t -  
ment p l a n t s .  Several  o f f i c i a l s  i n d i c a t e d  t o  t h e  au thors  t h a t  many c i t i z e n s  
i n i t i a l l y  opposed t h e  p l a n t s  because they  b e l i e v e d  t h a t  n i g h t  s o i l  would be 
c o l l e c t e d  t h e r e  and t h a t  nearby areas would s u f f e r  massive odor problems. 
P u b l i c  i n f o r m a t i o n  programs t h a t  have been undertaken by t h e  p re fec tu ra l  gov- 
ernments i n c l u d e  hear ings, meetings w i t h  c i t i z e n  groups, and open houses and 
t o u r s  a t  t h e  reg iona l  p l an t s  once const ructed.  (Many p l a n t s  a r e  designed t o  
i n c l u d e  l a r g e  observa t ion  decks f o r  t h i s  purpose.) As a  comparison, t h e  
sca le  o f  these programs s i g n i f i c a n t l y  exceeds t h a t  o f  s i m i l a r  e f f o r t s  i n  
t he  Un i t ed  States.  
S i m i l a r  approaches were taken i n  c o n s t r u c t i n g  i n t e r c e p t o r s  which 
caused temporary inconveniences. One p r i v a t e  c o n s t r u c t i o n  f i r m  employed 
a  f u l l - t i m e  p u b l i c  r e l a t i o n s  person t o  keep t h e  c i t i z e n s  i n  t h e  v i c i n i t y  
o f  t h e  c o n s t r u c t i o n  pe rsona l l y  i r~ for rned o f  t he  purpose o f  t h e  p r o j e c t  
and i t s  progress. P r i o r  surveys conducted by t h i s  f i r m  i n d i c a t e d  s t r ong  
d i sp leasu re  on t he  ne ighbors '  p a r t ,  b u t  a f t e r  t h e  i n f o r m a t i o n  campaign 
was underway, t h e  surveys showed acceptance based on understanding. Such 
p u b l i c  r e l a t i o n s  measures are r o u t i n e l y  undertaken i n  Japan. 
SUMMARY AN11 CONCLUSIONS 
This paper provides an overview of the intensive e f fo r t  underway 
in Japan to  provide sewage collection and wastewater treatment. The 
emphasis on regional planning and on the ut i l izat ion of central treatment 
f a c i l i t i e s  i s  described. 
Based on a study in Japan, a discussion i s  provided of many 
factors which are potentially important--regardless of the country-- 
in planning a regional wastewater treatrr~ent system. Cultural and his tor ic  
conditions have been shown to be irr~portant in Japan. Economies of scale,  
effectiveness, and f l ex ib i l i ty  are discussed in relation to the use of 
large central treatment plants. A n  overview of interrelationships between 
wastewater systems and drainage, water supply, and land use i s  then given. 
Interactions between planning agencies and local c i t izens are also dis- 
cussed, as are interactions between communities. The discussion provided 
here i s  by no means cornpl e t e ;  wastewater coll ection and treatment represent 
a social service with a unique and extensive array of constraints and 
objectives to  be evaluated in any given case. 
The Japanese experience, s t i l l  underway, i s  a significant and val ua- 
ble one in the history of planning regional wastewater treatment systems. 
The planning issues identified through that  experience should provide 
additional guidance as new systems are planned in the United States and 
throughout the world. I t  has been shown t h a t  such planning ac t iv i t ies  are 
extremely complex pub1 ic-sector problems and call  for  an interdisciplinary 
approach. 
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